A single course of antenatal corticosteroids (ANCS), administered to women at risk of preterm delivery, has been shown to decrease the incidence of respiratory distress syndrome (RDS), intraventricular hemorrhage (IVH), and neonatal mortality. 1 -3 The scientific basis of the use of ANCS has been reviewed. 4 Use of ANCS for women threatening to deliver prematurely as well as the need for future research investigating ''the short-and long-term benefits and risks of repeated administration of antenatal corticosteroids'' was recommended by the National Institutes of Health (NIH) Consensus Development Panel in 1994. 1 The beneficial effects of a single course of ANCS begin less than 24 hours after treatment, and persist for at least 7 to 10 days. 4 -6 However, because there are no clinical trial data to establish benefit beyond this interval, many obstetricians elect to treat women with a history of preterm labor with repeated courses every 7 to 10 days.
In 1995, Planer et al. 7 conducted a survey of the 1420 members of the Society for Perinatal Obstetricians. Among the 68% of members who responded, 96% reported willingness to give more than one course of antenatal steroids, 50% would retreat even after preterm labor had stopped, and 58% would give a maximum of six or more courses of antenatal steroids. Only 6% of those obstetricians responding to the survey limited ANCS use to two courses.
Ikegami et al., 8 Jobe et al., 9, 10 and Marinelli et al. 11 have described the effect of repeated ANCS dosing in the fetal sheep model. Cumulative doses were associated with improvement in lung compliance, ventilatory efficiency, and maximal volume but also with symmetric growth retardation as well as alterations in postnatal cortisol, thyroid hormone, and catecholamine levels. In addition, numerous adverse effects of prolonged postnatal steroid use in preterm human infants have been described including growth failure, infection, systemic hypertension and left ventricular hypertrophy, 11, 12 adrenal suppression, 13 intestinal perforation, 14 and poor long-term neurodevelopmental outcome. 15 In a post hoc analysis of preterm infants in the North American Thyrotropin-Releasing Hormone (TRH) Trial, 16 we found no
OBJECTIVE:
Determine whether the increased neonatal mortality following repeated courses of antenatal corticosteroids ( ANCS ) , observed in the ThyrotropinReleasing Hormone ( TRH ) Trial, was related to confounding maternal risk factors or specific preterm morbidities.
STUDY DESIGN:
A post hoc analysis of 595 TRH trial neonates, 26 to 32 weeks' gestation, studied the association between !3 courses ANCS and mortality. Potential confounding maternal factors and preterm morbidities were evaluated using logistic regression and log likelihood modeling.
RESULTS:
Mortality was 9.2% after !3 courses ( 13 / 141 ) vs. 4.8% after 1 or 2 courses ( 22 / 454 ) . This association was not explained by maternal factors, or other common preterm morbidities. However, 15 / 141 infants receiving !3 courses ( 10.6% ) had early severe lung disease ( ESLD ) with 10 deaths, compared to 16 / 454 of the 1 -to 2 -course infants ( 3.5% ) with 7 deaths ( odds ratio 3.5, p < 0.001 ) .
benefit from additional ANCS exposure. Moreover, multiple courses of ANCS were associated with a decrease in birth weight, increased postnatal adrenal suppression, and a significant increase in neonatal mortality. There was also a significant increase in the incidence of the combined outcome of death or chronic lung disease (CLD) at 36 weeks' postmenstrual age. However, all of the difference in outcome was related to higher mortality and not chronic lung disease among survivors. The current analysis examines the potential confounding maternal risk factors and specific morbidities of prematurity associated with mortality in this group of infants.
METHODS

Study Population
The effects of repeated courses of ANCS on mortality were evaluated by a post hoc analysis of 595 infants 26 to 32 weeks' gestation born to mothers enrolled in the North American TRH Trial for prevention of lung disease in preterm infants. This randomized controlled trial (1992 to 1996) involved 13 centers and results have been reported. 17 This trial was approved by the institutional review boards of all participating study centers, and written informed consent was obtained from all women participating in the trial. Eligible women were in preterm labor between 24 and 30 weeks' gestation and were excluded if there was evidence of bleeding, infection including clinical chorioamnionitis, or hypertension. Women with diabetes, premature rupture of membranes, or carrying multiple gestations were not excluded. All women received a ''course'' of antenatal steroids at the time of enrollment. This was defined as either two doses of 12 mg intramuscular betamethasone given 24 hours apart, or four doses of 6 mg dexamethasone given every 6 hours. Less than 10% of mothers received treatment with dexamethasone, and these infants were combined with the betamethasone group for all analyses. Treatment of women with ANCS before 24 weeks' gestation was a violation of study protocol. Women were randomized to receive TRH or placebo concurrently with a course of ANCS, usually the first course. Repeated courses of ANCS, as defined above, were given at the discretion of the individual attending obstetricians. The timing of these courses (at weekly or greater than 1-week intervals) was also at the obstetrician's discretion. After birth, infants were treated by protocol with surfactant. Extensive maternal, obstetrical, and neonatal outcome data was collected and entered into a computerized database.
Outcomes
Mortality before 36 weeks' postmenstrual age was compared for liveborn neonates 26 to 32 weeks' gestation who had received 1 or 2 courses of ANCS vs. !3 courses. Only infants !26 weeks' gestation were included in the analysis because they would have had the opportunity to receive !3 courses of ANCS by study protocol. Because there was no association between TRH and either neonatal outcome or the number of courses of ANCS received, these two treatment arms were combined for the current analysis. No adjustment for center difference effects was necessary because the frequency of retreatment with ANCS was similar among study centers. Multiple potential confounding maternal risk factors for mortality were assessed including maternal race, smoking, alcohol or substance abuse, maternal illness, complications of pregnancy, and tocolytic use. In addition, morbidities of prematurity, which might explain the increased neonatal mortality following !3 courses of ANCS, were evaluated. RDS was defined as a requirement for supplemental oxygen and either the need for assisted ventilation for >48 hours after birth or radiologic findings consistent with RDS. The severity of respiratory failure was assessed using a ventilatory score of mean airway pressure times inspired oxygen concentration (FiO 2 ). This type of scoring system was previously used by French et al. 18 in a study of neonatal effects of multiple courses of antenatal steroids. In the current analysis, early severe lung disease (ESLD) was defined as either death from respiratory failure within 6 hours of life or severe respiratory failure requiring a ventilatory score (mean airway pressureÂFiO 2 ) >5 at 6, 12, and 24 hours of life. Initial chest radiograph reports on neonates with ESLD were reviewed when available to rule out other potential sources of severe respiratory failure. Need for pharmacologic blood pressure support and incidence of infection, IVH, patent ductus arteriosus (PDA), and necrotizing enterocolitis (NEC) were also reviewed.
Statistical Analysis
Association between the presence of maternal risk factors and mortality was determined using Fisher's exact test, and between infant characteristics such as gestational age (GA), using t-tests. Associations between !3 courses ANCS and maternal and infant characteristics were similarly explored. Best subset logistic regression to predict mortality was used. The effect of adding ANCS was examined using a likelihood ratio test. Log linear modeling was performed to evaluate the associations between ANCS, ESLD and mortality. Finally, Kaplan-Meier curves were used to compare survival times between !3 courses ANCS and 1 or 2 courses ANCS.
RESULTS
In the total TRH study population of 1123 neonates, 55% received 1 course of ANCS, 19% received 2 courses, and 26% received !3 courses with 24 infants (2% of the total) receiving 8 or more ANCS. Among infants 26 to 32 weeks' gestation in this analysis, 454 (76%) received 1 or 2 courses ANCS and 141 (24%) received !3 courses (maximum of 8 courses).
Association Between Mortality and ANCS Exposure
Thirteen of 141 !3 ANCS infants died (9.2%) compared to 22 of 454 (4.8%) receiving 1 or 2 courses ANCS. Table 1 shows the association between multiple courses of ANCS and mortality of neonates 26 to 32 weeks after adjusting for gestational age and multiple gestation by logistic regression analysis. Infants who had received !3 ANCS had an increased risk of death (odds ratio 3.2, p=0.003) compared with 1 or 2 ANCS. The addition of an interaction term to determine whether the effect of multiple courses of ANCS was different for singleton versus multiple gestations was not statistically significant. Because of the uncertainty regarding persistence of beneficial effects of ANCS beyond 7 days after treatment, a term reflecting the interval from last dose of steroids to delivery was added to the model. There was no significant difference in mortality for infants delivering 7 to 13 days after their last dose of ANCS compared to those delivering within 1 to 6 days.
Association of !3 ANCS With Maternal Factors
Exposure to !3 courses ANCS was associated with a number of potentially confounding maternal and obstetrical factors. Neonates who had received !3 courses ANCS had an increased mean gestational age at delivery (29.2 vs. 28.5 weeks, p<0.001) and were more likely to be from multiple gestation pregnancies (31% for multiples vs. 22% for singletons, p=0.02), diabetic mothers (53% vs. 22%, p=0.001), or mothers treated with tocolytic agents including betamimetics (66% vs. 19%, p=0.001), magnesium sulfate (58% vs. 20%, p=0.001), or prostaglandin inhibitors (76% vs. 21%, p=0.001). Exposure to !3 courses ANCS was less common among mothers who smoked (17% vs. 26%, p=0.03), and among African American mothers (16% vs. 24%, p=0.01).
The association between potential confounding maternal risk factors and neonatal mortality was evaluated in univariate analysis (Table 2) . Only tocolytic exposure, specifically betamimetics, magnesium sulfate, or prostaglandin inhibitors, and receiving !3 courses ANCS were associated with an increased mortality. However, tocolytic exposure was not significantly associated with mortality when added to the logistic regression model including !3 courses ANCS, gestational age, and multiple gestations shown in Table 1 . Three or more courses of ANCS continued to be significantly associated with mortality in models adjusting for tocolytic exposure. Randomization to TRH versus placebo treatment was not associated with either neonatal mortality or the number of courses of ANCS received (data not shown). In addition, as expected, infants who died had a lower mean gestational age than survivors (27.7 vs. 28.7 weeks, p<0.001).
ANCS and Preterm Neonatal Morbidities
Common morbidities of preterm infants were evaluated to determine their possible contribution to the increased mortality seen with !3 courses of ANCS. Figure 1a shows the frequency of preterm morbidities for the total study population, with the frequency of neonatal morbidities among only the infants who died shown in Figure 1b . The incidences of nonrespiratory neonatal morbidities of prematurity was similar for !3 ANCS when compared to 1 or 2 ANCS. Although the overall incidence of RDS was not associated with number of courses of ANCS, ESLD was more common among neonates who had received more than 3 courses of ANCS (11% vs. 3.5% in the 1-or 2-course group; odds ratio 3.3, p<0.001) ( Table  3 ). Ten of 13 (77%) of the neonates who died after receiving !3 courses of ANCS had severe ESLD, compared to only 7 of 22 (32%) of neonates who died after 1 or 2 courses. All infants with ESLD received early treatment with surfactant. Chest radiographs, when available, were consistent with severe RDS. A small number of these infants were also given the clinical diagnosis of pulmonary hypoplasia. Unfortunately, without lung pathology, it was impossible to confirm this diagnosis. Figure 2 shows survival curves grouped by number of courses of ANCS. Survival time after birth was significantly shorter for the !3-course group (p=0.03 by Kaplan-Meier analysis). There were five infants in the !3 ANCS and three in the 1 or 2 ANCS who died of pulmonary causes in the first 6 hours of life. Four !3 ANCS and one of the 1 or 2 ANCS died in the delivery room of ventilatory failure and received the presumptive diagnosis of pulmonary hypoplasia. Unfortunately, postmortem exams were not available on these infants and the diagnosis cannot be confirmed by lung pathology.
Log Linear Modeling A log linear model was fit to ANCS, ESLD, and mortality. The most parsimonious well-fitting model included an association between ESLD and mortality (p<0.001) and an association between ANCS and ESLD (p<0.001), but did not include a direct association between ANCS and mortality in the presence of these two associations. Table 3 shows the frequency of ESLD and mortality, stratified by the number of courses of ANCS. ESLD was associated with an increased risk of mortality, 67% in the !3-course group vs. 44% in the 1-or 2-course group. By log linear modeling, the increased incidence of ESLD explained the association between !3 courses of ANCS and mortality.
DISCUSSION
Although it is well established that a single course of ANCS decreases mortality and morbidity in the preterm infant, there is little information on the benefits and risks associated with multiple courses of ANCS. In this post hoc analysis of preterm infants enrolled in a multicentered clinical trial, we found that !3 courses of ANCS were associated with increased neonatal mortality after adjusting for gestational age and multiple gestations, with an adjusted odds ratio of 3.2. This increased mortality was not explained by maternal risk factors including diabetes, hypertension, substance abuse, prolonged rupture of membranes, chorioamnionitis, tocolytic use, or placenta abruptio or previa.
In the preterm neonate, three or more courses of ANCS were associated with an increased risk of ESLD, but not total RDS, PDA, IVH, NEC, or need for pharmacologic blood pressure support. Three or more courses of ANCS was no longer associated with increased mortality after adjusting for the effects of ESLD. In addition we found that neonatal outcome was similar for infants delivered 1 to 6 days vs. 7 to 13 days after their last dose of ANCS. Because it is difficult to distinguish severe RDS from pneumonia, we cannot exclude the possibility that some of this severe lung disease was due to pulmonary infection. However, we did not observe an increased rate of clinical sepsis with repeated courses of ANCS.
Because of a lack of autopsy data in this study, it is impossible to determine the exact lung pathology leading to increased ESLD and mortality following multiple courses of ANCS. It is possible that in some infants there is a detrimental effect of repeated early exposure to corticosteroid on lung development during gestation. Treatment of newborn rats with postnatal dexamethasone during the period of alveolarization resulted in lung hypoplasia and alveolar simplification, as well as an increased risk of hypoxia-induced pulmonary hypertension. 19 -24 Pratt et al. 25 have described deleterious effects on growth in the rabbit.
In the preterm lamb model, however, multiple courses of ANCS conveyed additional pulmonary beneficial effects, with improved pulmonary function testing, but also were associated with growth retardation and increased fetal loss. 8 -10 It is clear that steroids have a maturational effect on the lung, leading to acute improvement in pulmonary function. With this maturation, though, comes a decrease in lung growth and alveolarization. The apparent discrepancy between our findings and the effects of repeated courses of antenatal steroids seen in the lamb model may be due to a species difference in this balance between the beneficial effects on maturation and the adverse effects on growth. It is also important to note that the majority of infants in our multiple-course group were exposed to steroids early in gestation, and for a prolonged period. This may make them more vulnerable to deleterious growth effects. Lastly, all infants exposed to multiple courses of steroids did not have severe lung disease. This may reflect a genetic or constitutional variability in susceptibility to the adverse effect of steroids on growth.
In a retrospective analysis of 477 singleton infants less than 33 weeks' gestation born in Western Australia between 1990 and 1992, multiple courses of ANCS were associated with a reduction in birth weight and head circumference. 18 When comparing single to repeated courses of ANCS, no additional benefit was seen with respect to mortality, respiratory outcomes, and growth or severe disability at 3 years. In addition, although the power of that study was limited with only 40 infants receiving multiple courses of ANCS, there was a trend toward increased incidence of severe hyaline membrane disease defined as mean airway pressureÂFiO 2 >8 (15% for multiple courses vs. 9 .9% for one course) and an increased incidence of severe chronic lung disease (19% for multiple courses vs. 11% for one course). This was true despite increased mean gestational age among neonates receiving multiple courses of ANCS. Vermillion et al. 26 have also reported increased neonatal sepsis in infants with multiple courses who had prolonged rupture of membranes.
In contrast, Abassi et al. 27 conducted a retrospective review of 369 singleton infants 24 to 34 weeks gestation. They reported decreased RDS among infants receiving greater than two courses of ANCS. However, the exact distribution of gestational ages in each group was not presented, and it would be unlikely, with current obstetrical practices, for a large number of 24 and 25 weeks gestation infants to have received more than two courses of ANCS. Inclusion of these extremely preterm infants, with nearly 100% incidence of RDS, could have increased the observed RDS rate in the 1-or 2-course group.
Although the associations described in this post hoc analysis are of concern, inferences regarding a causal relationship are purely speculative. It is possible that other unidentified prenatal factors that might make an obstetrician particularly concerned about a fetus would increase the use of multiple courses of ANCS. Women who received !3 courses were more likely to have tocolytic exposure, an independent predictor of mortality. However, in adjusted analysis, !3 courses of ANCS was a stronger predictor, and continued to be significant even after adjusting for tocolytic exposure. One would also expect that mothers with excellent access to medical care would be more likely to receive multiple courses of ANCS. However, this potential bias would be expected to lead to improved outcome with multiple courses of ANCS rather than increased mortality.
We conclude that randomized controlled trials are warranted to assess the safety and benefit of repeated courses of ANCS. This study adds support to the recent NIH consensus statement that repeated courses of ANCS should not be given outside of the structure of a clinical trial.
